The aims of this study are to (1) investigate effects of isopropyl alcohol content in blend on changes of densities and kinematic viscosities of canola oil biodiesel-diesel fuel-isopropyl alcohol ternary blends, and (2) derive equations as a function of alcohol content in order to determine densities and to estimate kinematic viscosities of the ternary blends. For these aims, canola oil biodiesel was produced by means of transesterification, and blended with commercially available diesel fuel at the volume ratio of 20%. Isopropyl alcohol was added to this biodiesel-diesel fuel blend at different volume ratios of 2, 4, 6, 8, 10, 15 and 20%. Densities and kinematic viscosities of the prepared each fuels were measured at 15 o C and 40 o C, respectively, according to ISO 4787 and DIN 53015 standards. Finally, regression equations were derived based on changes of density and viscosity versus alcohol content. According to results, linear equation for density-alcohol fraction variation and four-term exponential regression model for viscosity-alcohol fraction variation were derived.
Introduction
In recent decades, the concerns over depletion of the world's petroleum reserves and environmental pollution have increased demand to develop a renewable and environmental friendly fuel [1] . Researchers think that an alternative fuel to diesel fuel must be technically possible, financially reasonable, friendly to environment, and readily available [2] . In this context, vegetable oils can be considered to be an alternative, but the main problem with the use of pure vegetable oils is related to its high viscosity, poor vaporization in the combustion chamber, difficulties of pumping and clogging of injectors over time [3] - [5] . These problems can be solved if the vegetable oils are chemically modified to biodiesel by means of transesterification [6] . Biodiesel, defined as the mono-alkyl esters of fatty acids derived from vegetable oils or animal fats, has many advantages such as higher cetane number, flash point temperature and lubricity characteristics, and lower carbon monoxide, unburned hydrocarbons, particulate matter and poly-aromatic hydrocarbons emissions, compared to diesel fuel [7] - [9] . Moreover, biodiesel is an environmentally friendly renewable fuel, and can help to reduce countries' dependence upon imported petroleum [7] . However, there are also some drawbacks of biodiesel like higher cost and viscosity, and poorer cold flow properties [6] . Blending of biodiesel with diesel fuel is one of the adopted techniques to overcome these difficulties [10] .
The knowledge of temperature and blend percent dependence of viscosity or density of fuel is highly important in order to ensure optimal combustion [11] . Although researchers proposed a lot of models to predict kinematic viscosities of different biodiesel-diesel fuel blends as a function of temperature or blending ratio in literature [12] - [16] , there are some studies about viscosity and density measurements of canola oil biodiesel (B100)/diesel fuel (DF)/isopropyl alcohol (iPA) ternary blends at different temperatures. Therefore, in this study, (1) transesterification, (2) the produced biodiesel was blended with DF at the volume ratio of 20%, which is called as B20, (3) isopropyl alcohol was added to B20 at the volume ratios of 2 (iPA2), 4 (iPA4), 6 (iPA6), 8 (iPA8), 10 (iPA10), 15 (iPA15) and 20% (iPA20), (4) densities and kinematic viscosities of all fuels (DF, B100, B20, iPA2, iPA4, iPA6, iPA8, iPA10, iPA15 and iPA20) were measured at 15℃ and 40 ℃, respectively, and finally (5) linear equation to determine densities and four-term exponential model to estimate kinematic viscosities of the blends were derived.
Materials and Methods

Materials
To produce biodiesel by means of basic catalyzed transesterification, methanol, potassium hydroxide and anhydrous sodium sulphate (Merck, 99.6% purity) were used.
Biodiesel production
Transesterification reaction parameters were taken as 1.00 % catalyst concentration, 50℃ reaction temperature, 60 minutes reaction time and 8:1 alcohol/oil molar ratio in [17] . Anhydrous sodium sulphate was used to remove moisture from washed biodiesel. More details of the biodiesel production were given in [8] , [9] , [18] .
Density measurement
The densities of neat fuels (DF and B100) and blends (B20, iPA2, iPA4, iPA6, iPA8, iPA10, iPA15 and iPA20) were determined by means of pycnometer in accordance with ISO 4787 standard. Details of the measurements were given in [8] , [9] , [18] .
Dynamic viscosity measurement
The dynamic viscosities were determined in accordance with DIN 53015 standard. Measurements were made by universal Haake Falling Ball Viscometer, Haake Water Bath and stopwatch. Details of the measurements were given in [8] , [9] , [18] .
The kinematic viscosities were determined by dividing dynamic viscosity to density at the same temperature. If μ biodiesel and ρ biodiesel are in the units of (mPa. s) and (kg/L), respectively, then ν biodiesel is obtained in unit of (mm 2 /s). The measurements were conducted three times for each sample and the results were averaged.
Uncertainty analysis
In this study, uncertainties of the measured and calculated physical quantities such as dynamic and kinematic viscosities and densities were determined by the method proposed by [19] . According to this method, if the result R is a given function of the independent variables x 1 , x 2 , x 3 , … x n and w 1 , w 2 , w 3 , …w n are the uncertainties of each independent variables, then the uncertainty of the result w R is calculated by using the equation: (1) Determined highest uncertainty according to this method is 0.0871%, which ensures that the results are fairly reliable.
Result and Discussion
Effect of isopropyl alcohol fraction on change of densities of the ternary blends is shown in Fig. 1 , where points show the measured values at 15℃ and solid line presents regression equation. The densities diminish with increasing in alcohol content in the blend due to lower density of isopropyl alcohol compared to that of diesel fuel and biodiesel. As well-known, because densities of blends are linearly proportional to alcohol percentage in the blend, a linear regression equation was fitted to the experimental data:
where ρ is density in kg/m 3 , X is volumetric alcohol fraction in the blend in %, and a and b are regression constants.
Fig. 1. Change of density vs. isopropyl alcohol fraction.
The measured density values at 15℃, % relative errors between measured and calculated ones from Eq. 2, regression constants and correlation coefficient (R) are tabulated in Table 1 . The correlation coefficient and the % maximum error were computed as 0.9999 and 0.0194%, respectively. In fact, only two points, i.e. densities of B20 and isopropyl alcohol, are sufficient to derive linear equation to determine the densities of the blends. But, unlike alcohol, since biodiesel and diesel fuels are not pure substances, they have not fixed density points tabulated in the literature. For this reason more than two point measurements were carried out to improve the accuracy of the regression equation. Fig. 2 illustrates kinematic viscosity change with respect to isopropyl alcohol fraction. As shown in this figure, viscosity non-linearly decreases with increasing in alcohol content. The distribution of viscosity with respect to alcohol content was correlated by the following four-term exponential model:
where ν is kinematic viscosity in mm 2 /s, and a, b, c and d are regression constants. Fig. 2 . Change of viscosity vs. isopropyl alcohol fraction. Table 2 lists measured viscosities at 40℃, regression constants, correlation coefficient and errors. For four-term exponential model, the maximum relative error for iPA6 blend and correlation coefficient were computed as 0.4969% and 0.9991. According to these results, the four-term exponential model has adequate high accuracy in calculating viscosities of each blend. 
Conclusion
In this study, effects of isopropyl alcohol fraction in blend on the densities and kinematic viscosities of canola oil biodiesel-commercially available diesel fuel-isopropyl alcohol ternary blends were determined. Moreover, regression equations as a function of alcohol content were derived to estimate viscosities and to determine densities of the ternary blends. The following conclusions can be drawn from this study:  Correlation coefficient (R) and the maximum relative error for linear density-alcohol fraction variation equation were computed as 0.9999 and 0.0194% respectively.  Four-term exponential model with correlation coefficient of 0.9991 shows quite high degree of accuracy for representing change of kinematic viscosity with respect to alcohol content. Maximum relative error between the measured and calculated viscosity values were determined as 0.4969%.  There is two different characteristic regions in the change of kinematic viscosity with respect to alcohol content. In the first part including range from 0 and 0.04% of alcohol fraction, variation of viscosity vs. alcohol content shows typical exponential characteristic, while in the second part including range from 0.04% and 0.20% of alcohol fraction, variation of viscosity vs. alcohol content tends to linear characteristic. In the light of this work, researchers could try to develop new or general models to estimate other fuel properties such as heating value, cetane number, acid value etc. of different biodiesel-diesel binary or biodiesel-diesel-alcohol ternary blends for future studies.
